To date, magnetic proximity effect (MPE) has only been conclusively observed in ferromagnet 
Antiferromagnets have recently been brought into focus in spintronics due to their THz response and low energy cost. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Magnetic proximity effect is an important phenomenon [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] with potential for spintronic applications. To date, MPE has only been conclusively observed in nonmagnetic heavy metals (HM) on FMs [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Since the MPE originates from the surface magnetic moments in FMs, AFs with uncompensated surface moment should also be able to induce the MPE in HMs. Previously, anomalous Hall effect (AHE) was reported in Pt/Cr2O3 bilayers and attributed to the MPE [27] . However, their AHE increases with temperature (T) and persists above the Néel temperature (TN), which is not expected from MPE. In this letter, we demonstrate MPE in Pt/α-Fe2O3 bilayers which exhibit AHE and angular dependent magnetoresistance (ADMR). We explain this behavior by modeling the Néel order in α-Fe2O3 and MPE-induced moment in Pt, and the competition between the spin-flop (SF) transition and the anisotropies in α-Fe2O3.
Epitaxial α-Fe2O3 films are grown on Al2O3 substrates using off-axis sputtering [28] [29] [30] at a substrate temperature of 500°C. Figure 1 A Pt(2 nm)/α-Fe2O3(30 nm) bilayer is patterned into a 100 μm wide Hall bar. Figure 2(a) shows the Hall loops at 10 and 100 K with an out-of-plane field H, which exhibit a clear nonlinear feature at 10 K. Hall resistance (Rxy) generally includes the ordinary Hall effect (OHE) and the AHE which is proportional to the magnetization. Since α-Fe2O3 is an insulator, the magnetic moment in Pt is either from the proximity-induced magnetization by α-Fe2O3 or the spin Hall AHE (SH-AHE). If the AHE signal results from SH-AHE, one should expect that the AHE survives at 300 K since the spin Hall effect has a weak temperature dependence and the TN = 955 K of α-Fe2O3 is well above room temperature [31] . But the AHE disappears at 100 K.
The AHE result gives a strong evidence of MPE in our Pt/α-Fe2O3 bilayers. Since the MPE induced magnetization in Pt is originated from the interfacial exchange interaction, it is expected that as temperature increases, thermal fluctuations may destroy such coupling. Thus, the MPE can only be observed at low temperatures. To further confirm the MPE and understand the spin configuration in α-Fe2O3 in the presence of H, we measure the ADMR = Δ / 0 , where 0 is the longitudinal resistivity at zero field, for the Pt(2 nm)/α-Fe2O3(30 nm) sample. Figure 2(b) shows the schematics of the Hall bar with angle α, β, and γ between H and the x, z, and z axes in the xy, yz, and zx planes, respectively, where the current I is along the x-axis. Figure 2(c) shows the γ-scan ADMR at 10 K, where a sharp peak is observed when H ⊥ film (γ = 0 and 180) at H = 1-14 T and the peak becomes narrower as H increases while the peak magnitude remains essentially the same. We will address this peak feature later and focus on the rest of the ADMR here.
In Fig. 2(c) , at H ≥ 7 T, the ADMR exhibits local maxima at γ = 90 and 270, which is a signature for the anisotropic magnetoresistance (AMR). As confirmed below, this is due to the MPE-induced magnetization in Pt aligned parallel to H. The AMR saturates at 7 T, corroborating the Hall curve at 10 K in Fig. 2(a) , and its magnitude of ~0.01% is close to the previous MPEinduced AMR in FM/HM systems [32] . Since the MPE decreases at higher temperatures, we measure the γ-scans at 14 T for the sample at 10 and 300 K, as shown in Fig. 2(d) . The γ-scan has opposite angular dependence at 10 K as compared to 300 K (ignore the sharp peaks for now) due to that the MPE-induced magnetization in Pt disappears at T ≥ 100 K, consistent with the Hall data.
As a result, the OMR in Pt dominates at 300 K, which has an opposite angular dependence to AMR.
To verify this point, two control samples, a 2 nm Pt layer and a Pt (8 nm surface moments [27, 33] . The 8 nm Pt on α-Fe2O3 also exhibits a sharp peak near γ =180, which cannot be explained by AMR. Below we use β-and α-scan ADMR to uncover its mechanism.
Figure 3(a) shows the β-scans for the Pt(2 nm)/α-Fe2O3(30 nm) bilayer at 10 K. Sharp peaks are also observed for β = 0 and 180, but opposite to those in the γ-scans in Fig. 2(c) . At H = 1 T, the ADMR has local maxima at β = 90 and 270. This ADMR behavior has been reported before in YIG/NiO/Pt [34, 35] , which was attributed to the Néel order n ⊥ H. Consequently, the β-scans show a "Negative spin Hall magnetoresistance (N-SMR)" which has a 90 phase shift compared with the "Positive SMR (P-SMR)" in Pt/FM where H is parallel to the FM magnetization.
As H increases, the ADMR becomes flat and eventually has local minima at β = 90 and 270 at 14 T. We attribute this to the dominant OMR over N-SMR at high fields. By comparing the similar 14 T β-scans at 10 and 300 K in Fig. 3(b) and the OMR-only β-scan of Pt(2 nm)/Al2O3 at 10 K and 14 T in Fig. 3(c) , it is clear that the ADMR in Fig. 3(a) is due to the competition between OMR, which dominates at high fields, and the N-SMR, which dominates at low fields.
Next, we show in Fig. 3(d) the α-scans for the Pt(2 nm)/α-Fe2O3(30 nm) bilayer at 10 K, which exhibit three notable features. First, no sharp peak is observed, but the magnetite of ADMR is ~0.1%, comparable to that of the sharp peaks in the β-and γ-scans. Second, for H ≥ 0.3 T, the ADMR remains unchanged and can be well fitted by sin 2 with maxima at α = 90 and 270, which is a signature of N-SMR, indicating that n is perpendicular to the in-plane field due to the SF transition. Third, for small field at 0.1 T, the ADMR deviates from sin 2 , suggesting that n is in a multi-domain state (below the SF field). where the ADMR at 300 K is 50% larger than that at 10 K. Considering that the OMR in a Pt(2 nm)/Al2O3 control sample exhibits no -dependence [see Fig. 3(f) ], the 300 K data in Fig. 3 (e) is due to pure SMR, while the 10 K data is dominated by SMR with opposite contribution from AMR because SMR has weak temperature dependence but AMR diminishes at higher temperatures.
Below we use a macrospin response model to explain all the main features in Pt/α-Fe2O3.
The SMR is given by [36, 37] , is an order of magnitude higher than all of the other AFs [17, 39, 40] .
To explain the sharp peaks in the γ-and β-scans, the small N-SMR in the β-scans, and the large N-SMR in the α-scans, we use a macrospin response model (see Supplementary Information for more details) to understand the AF spin structure in α-Fe2O3 based on the free energy [41, 42] ,
where n is the unit vector of Néel order, is the in-plane angle between n and the x-axis, and δ is the phase angle that defines the orientations of the easy axes. 1 and 2 are the easy-plane and in-plane easy-axis anisotropy, respectively, both of which are positive indicating in-plane Néel order with three easy-axes 60 apart. h is the unit vector of the applied field and is the exchange field between the AF spins. The last term corresponds to the SF transition in AFs, which prefers h ⊥ n. By minimizing the energy, we can extract the Néel order in response to H. 
(H in either the yz-or the zx-plane).
To fit the ADMR data, we choose 1 = 2 T, 2 = 2 Oe, = 50 T, and = −2.5° (a small non-zero to lift degeneracy) to first obtain the H -dependence of , as shown in Fig. 4 
(b). As
H is closed to 90° [left, Fig. 4(a) ], approaches 0°, indicating that the SF term dominates and n ⊥ H. As H rotates toward 0° [middle, Fig. 4(a) ], the SF term decreases and n rotates towards one of the three easy-axes. For small field like 1 T, the rotation of n is gradual. For H ≥ 10 T, the in-plane component of H at ≥ 5° is large enough to align n along the x-axis ( = 0), and at H < 5°, increases dramatically. At = 0° [right, Fig. 4(a) ], the SF term is 0 and n has equal probability to align along any of the three easy axes, forming AF multi-domains.
This mechanism can simultaneously explain the sharp peaks in the γ-and β-scans, the small 
